The USDA Water Erosion Prediction Project (WEPP) model is a continuous simulation, process-based soil erosion model that allows simulation of small watersheds and hillslope profiles within those watersheds. A major problem that has impeded full implementation and use of WEPP since its public release in 1995 has been the lack of a modern, easy-to-use, Windows interface, particularly for watershed applications. Concentrated effort on watershed interfaces for WEPP has been underway at the National Soil Erosion Research Laboratory (NSERL) since 1997. The most basic watershed interface requires that the user enter information on the screen to delineate the channels, hillslope profiles, and impoundments that comprise the watershed. Background photographs (for example scanned from soil surveys), can be imported and used to assist in defining the watershed. Drawing tools allow orientation, scaling, and placement of polygons to match field areas. The visual representation is then converted to a group of hillslope, channel, impoundment and watershed structure files by the interface. After creating the appropriate input files, the interface executes the WEPP model and provides model simulation results in text format and graphically displays outputs on the user-delineated screen image. Additional work is also in progress to allow WEPP watershed model simulations through linkage with Geographic Information Systems (GIS) utilizing digital elevation data.
Introduction
The Water Erosion Prediction Project was initiated in 1985, with the goal of producing next generation erosion prediction technology for use federal action agencies [USDA-Natural Resources Conservation Service (NRCS), USDA-Forest Service (FS), USDI-Bureau of Land Management (BLM)] and others involved in natural resource management and assessment (Foster and Lane, 1987) . WEPP is based on fundamentals of stochastic weather generation, infiltration theory, hydrology, soil physics, plant science, hydraulics, and erosion mechanics (Flanagan and Nearing, 1995) . There are currently two versions of the WEPP FORTRAN model: the hillslope profile version that can be used to simulate single slope profiles, and the watershed version that can be used to simulate multiple hillslopes, channels and impoundments. WEPP information and software can be obtained online from http://topsoil.nserl.purdue.edu/nserlweb/weppmain/wepp.html.
The WEPP model is written in FORTRAN and accepts inputs from ASCII files. A separate interface program can build the necessary input files and interpret model output results that are also stored in ASCII files. Since the interfaces are separate from the scientific model, different technologies can be used depending upon what best suits the end users' requirements. The NSERL has built a Windows-based Graphical User Interface (GUI) that allows simulation of hillslopes or watersheds with WEPP. Other interfaces to WEPP can and have been built to address other specific needs. The interface that is ultimately used by an individual depends upon their unique user characteristics, the time available for them to conduct model simulations, and the data available for their application.
The full capability of the WEPP model can be accessed through the WEPP standalone GUI developed at the NSERL and described later in this paper. Other projects that will be discussed here are creation of Internet World Wide Web-browser based interfaces for WEPP and the use of WEPP within GIS interfaces. Another ongoing project at the NSERL is work on using digital elevation information to parameterize topographic inputs for WEPP and then conduct model simulations without the use of a GIS. Additionally, not discussed here but addressed in other papers at this symposium, is the creation of a common GUI for multiple ARS erosion models including WEPP, and known as the MOdular Soil Erosion System (MOSES).
WEPP Watershed Technology Development
Standalone Windows Interface When a watershed project has been created to the user's satisfaction, the WEPP model is run, and output will automatically be displayed both graphically on the left part of the screen as well as in text fields on the right. Also, a summary output popup screen is produced and displayed following a successful simulation that contains runoff and soil loss results for each element (hillslope, channel, impoundment) of the catchment. Some outputs that can be displayed graphically are predicted average annual soil loss, sediment deposition, runoff, and sediment yield. Users can also view and print text output files that provide summary and/or detailed information for their simulation. Spatial output of soil detachment and deposition is displayed on the hillslope profiles in Figure 1 . Much more complex watersheds can also be simulated with this new interface. Figure 2 shows a watershed composed of 25 channel segments and 29 hillslope profiles, constructed by Vining et al. (2001) to simulate a 40 ha catchment in southern Michigan. The interface allows the user to zoom in and out of the view and work on details of a specific branch of the watershed as necessary. One type of typical application of WEPP might be to determine the impacts of terraces on a field. Figure 3 shows a watershed simulation designed for a set of 4 inter-terrace regions that supply runoff water and sediment to a series of terrace channels, and from there to a grass waterway. In actual field implementation, several typical templates could be created at the state or national level, and the local user could choose one that most closely approximates their desired terrace design, and modify from that template as necessary.
World Wide Web-browser based WEPP Interfaces Development and use of Internet World Wide Web-browser based interfaces for application of the WEPP model (and other ARS erosion prediction software) has several potential advantages. First, by designing interfaces to work within a widely available Web-browser (e.g. Netscape Navigator, Microsoft Internet Explorer, etc.), a multi-platform application can be achieved, by depending upon the browser software to assure compatibility on different operating systems. Secondly, by maintaining one version of the erosion model, interface, databases, and documentation at the server, version control and use of the most current materials is assured. Web-based interfaces can be targeted toward very specific applications, for example, one could design a terrace interface that greatly limited the range of inputs needed to describe a terrace system for application of WEPP, but would provide satisfactory information in determining an appropriate terrace spacing to use. Also, the availability of a simple Internet interface allows new users to experiment over the Web and determine if they are interested in obtaining the more complete standalone interface and model for their specific application.
The USDA Forest Service at the Rocky Mountain Research Station has developed several Web interfaces for WEPP, including X-DRAIN, WEPP:Road, and Disturbed WEPP (Elliot et al., 2000) , specifically targeted at forest applications. At the NSERL, work began in 2000 on development of a simple Web-browser interface for applications of WEPP. Eventually several of these types of interfaces may be developed and targeted towards agricultural, rangeland, construction sites, and other uses.
Linkage of WEPP With GIS
An additional area of research at the NSERL since 1997 has been linkage of the WEPP model with GIS. Techniques have been developed to utilize GIS, Digital Elevation Model (DEM) information, and TOPAZ (Garbrecht and Martz, 1997) to parameterize the slope, soil, and management inputs for WEPP, conduct model simulations, and then display the results. Cochrane and Flanagan (1999) describe the procedures as well as the results of application and validation studies to six research watersheds. One of the techniques, called the "Flowpath" method, uses the DEM data to delineate the watershed boundary and channel locations, and then applies the WEPP model to every runoff water flowpath determined from the DEM. Soil loss results from application of the "Flowpath" method can be used to generate maps of soil loss and sediment deposition on a watershed (Figure 4) . The other automatic procedure called the "Hillslope" method uses the DEM data to delineate the watershed, channels, and hillslope regions, and then determines a representative profile for each hillslope. Work continues to incorporate these research approaches into a linked WEPP-GIS user interface. 
Summary
Application of the WEPP model to small watersheds is becoming easier, because of the availability of powerful and easy-to-use Windows interfaces. Other techniques to simplify and automate watershed applications of the WEPP model are also under development.
